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REMARKS 

Claims 1-12 and 17-26 are pending. Withdrawn Claims 13-16 are canceled. 



I. Information Disclosure Statement of July 3 L 2002 

Applicant thanks the Examiner for returning the Form PTO-1449 filed on July 31, 
2002 with an IDS with the current Office action. However, the last reference on the 
Form PTO-1449 was neither initialed nor crossed off by the Examiner. Thus, Applicants 
request the Examiner return another copy of the Form PTO-1449 indicating the reference 
has been considered. In the event the reference was misplaced, Applicants attach a copy 
to this response (ATTACHMENT I, B. Stok and A. Mihelic, "Optimal design of the die 
shape using nonlinear finite element analysis", in Simulation of Materials Processing: 
Theory, Methods & Applications (1995) pages 625-630). 

II. 35 USC § 102 

Claims 1-8, 12, 17-18, 20-21 are rejected under 35 USC 102(b) as being 
anticipated by Sun (US 6,044,676). The Office action asserts Sun discloses every 
element of independent process claim 1 and apparatus claim 17 and the above-mentioned 
dependent claims. Applicants respectfully contend this is not the case. 

A. Process Claim 1 

Sun relates to a method of making aluminum beverage containers which reduces 
the likelihood of galling occurring by controlling the tooling geometry used in can- 
making (see e.g., col. 3, lines 26-35). Galling occurs when aluminium from a preceding 
can adheres to the die. There is no mention of using the method for metal sheet coated on 
at least one side with a plastic coating layer. In contrast, Claim 1 recites "moving product 
with a plastic coating layer." 

Present Claim 1 recites moving the product along the forming surface of the wall- 
ironing tool, and the forming surface comprises a starting zone and a subsequent zone 
where the entry angle is smaller in the starting zone of the forming surface than in the 
subsequent zone. Thus, the product contacts these zones. 



AMENDMENT U.S. Appl. No. 09/914,645 

Page 7 

Paragraph 4 of the Office action asserts Sun, Fig. 2 shows a starting zone where 
die and workpiece first meet followed by a subsequent zone labeled 123 in the figure 
which has an entry angle larger than that of the starting zone. It is respectfully submitted 
this assertion is not correct. 

The chamfer 139 does not contact the metal workpiece but serves to direct coolant 
fluid into the space between the ironing die and the can wall (Sun, col. 5, lines 1-4, and 
col. 5, lines 31-55). Thus, it is not a starting zone where die and workpiece first meet. 

Column 5, line 8- column 6, line 7 and column 6, lines 48-55 of Sun explain that 
the ironing die 120 illustrated in Figure 2 has chamfer 130 which has a radius 131 
between the chamfer 130 and the working surface 123 (referred to as 128 in the 
description). The radius 131 between the chamfer 130 and the working surface 123 of the 
die also serves to provide better coolant diversion to the working zones of the ironing die 
(col. 6, lines 48-65, working surface 123 erroneously denoted as 138). The area referred 
to by the Office action as being the starting zone does not form part of the forming 
surface of the die as it does not even contact the workpiece but instead has as its object to 
direct lubricant/coolant. 

Page 2, lines 6-9 of the present application explains in the starting zone with the 
small entry angle a high pressure is built up in the plastic-coated material on all sides. 
Page 1 lines 29-37, explains this increases the fracture limit of many plastic materials 
during forming. The pressure built up is maintained in the subsequent forming in the 
subsequent zone with a larger entry angle than that of the starting zone. As the fracture 
limit of the plastic is increased a larger entry angle in the subsequent zone can be selected 
without undue risk of the plastic layer breaking and being stripped off the metal sheet 
(page 1, lines 26-28). Larger entry angles are beneficial as they result in a longer service 
life for a wall ironing tool (page 1, lines 24-26). 

Sun does not mention or hint towards wall-ironing metal coated with a plastic 
layer nor is there any suggestion or motivation to modify the wall-ironing die disclosed in 
Sun to result in a process comprising contacting its workpiece with a starting zone and a 
subsequent zone of a forming surface, wherein the starting zone has a smaller entry angle 
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than the subsequent zone and thereby solve the problem of a plastic coating being 
stripped off a metal sheet during wall-ironing. 

The present invention as set out in claim 1 is thus novel and inventive over Sun. 

B. Apparatus Claim 17 

As explained above, the chamfer zone 123 of Sun Fig. 2 is designed to not contact 
the metal workpiece (Sun, col. 5, lines 1-4). Thus, Sun does not disclose a forming 
surface having a starting zone and a subsequent zone, the entry angle being smaller in the 
starting zone than in the subsequent zone. 

III. Rejections under 35 USC $ 103 

A. Claims 9-1 K 19 and 22-25 

Claims 9-11, 19 and 22-25 are rejected as being unpatentable over Sun. 
It is respectfully submitted that, as explained in the present application, these 
features further distinguish over Sun. 

B. Claims 1-12 and 17-25 

The Office action has also objected to claims 1-12 and 17-25 as being 
unpatentable over Jansen (US 4,881,394). As the Office action acknowledges, Jansen 
does not disclose the configuration of a forming surface comprising a starting zone and a 
subsequent zone wherein the entry angle is smaller in the starting zone than in the 
subsequent zone. 

Jansen discloses a method and apparatus for wall ironing a deep-drawn cylindrical 
body which gives a high thickness reduction in a small number of reduction stages (col. 
1, line 67- col. 2, line 3). The method uses two ironing ring die regions with a relatively 
small thickness reduction occurring in the first phase and relatively large thickness 
reduction occurring in the second phase and requires hydrodynamic lubrication to occur 
in the second die region. Figure 2 shows the double reduction ring according to the 
invention of Jansen. The entry angle <X\ to the first die region 6 is disclosed in column 3, 
lines 61-68 as being in the range 8-10° but preferably 8°. The entry angle to the second 
die region 7 is disclosed in column 4 lines 14 as being in the range 5-10° more preferably 



AMENDMENT U.S. Appl. No. 09/914,645 

Page 9 

5-7° and most preferably about 6°. Thus, Jansen teaches the entry angle of the first region 
should preferably be greater than the entry angle of the second region. 

The Office action argues the present invention is obvious as Jansen discloses a 
range of configurations and it has been held that discovering the optimum workable range 
involves only routine skill in the art. The Office action quotes In reAller, f, [W]here the 
general conditions of a claim are disclosed in the prior art it is not inventive to discover 
the optimum or workable ranges by routine experimentation 11 . 

However, it is respectfully submitted Jansen does not disclose all the general 
conditions of Claim 1 as it does not disclose that the metal sheet to be processed is coated 
on at least one side with a layer of plastic. Thus, Jansen lacks the motivation to achieve 
the present invention. Jansen has already determined and disclosed the optimum values 
of entry angle for the first and second die regions to obtain the objects it set out to 
achieve, namely of achieving hydrodynamic lubrication of the second die region (col. 2, 
lines 34-50). 

Jansen does not mention wall-ironing metal sheet coated on at least one side with 
a layer of plastic nor does it mention the problems of the plastic layer breaking and being 
stripped off the metal sheet when a larger entry angle is selected. Thus, it does not 
suggest the present process (Claim 1) or apparatus (Claim 17) designed to work with 
plastic coated metal sheet. 

The observation in the present application, page 1, lines 29-30, that many plastic 
materials exhibit a higher fracture limit during forming as the pressure on all sides 
increases is also not mentioned in Jansen. The solution offered by the present invention to 
the problem of being able to use a larger entry angle without the plastic layer breaking 
and being stripped off the metal sheet cannot be obtained by routine experimentation 
based on the disclosure of Jansen. 

It is only with impermissible hindsight that the solution offered by the present 
invention to the problem of being able to use a larger entry angle without the plastic layer 
breaking and being stripped off the metal can be obtained from Jansen. 

The present invention thus involves inventive skill and is not obvious in view of 
the disclosure of Jansen. 
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C. Dependent Claims 

At least Claims 2, 5, 6, 1 1, 12, 18, 19, 21, 22 and 25 further distinguish over the 
reference. 

D. Claim 26 

Claim 26 is rejected as being unpatentable over Sun in view of WO94/22607 or 
Jansen in view of WO 94/22607. It is respectfully submitted WO '607 does not make up 
for the deficiencies of Sun or Jansen. 



IV. Conclusion 

In view of the above, it is respectfully submitted that all objections and 
rejections are overcome. Thus, a Notice of Allowance is respectfully requested. 
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Optimal design of the die shape using nonlinear finite element analysis 

Boris Stok & Ales Miheiic 

University of Ljubijtma. facuiry of Mechanical Engineering. Slovenia 



Is considered, in particular, the optimization is applied to [he problem or • wire drawing die design. 
Conical and streamline dies are investigated, their shape being parametrized by a polynomial funcricn. 
Optimal design is effected ;y enforcing minimization of the forming energy consumption. The :;ame 
aitionthm -s used aiso for determination or possible area reduction. In both investiiiated problems 
several technological and geometry constraints are :ake:i into account. From [he comparison between 
•he numerical results and icnown solutions rbr r:gid plastic material model. ;c is demonstrated that :he 
solutions are trustful, nnu ;nn be acpiied cftuaentiy rbr snore realistic material model not only in 
reducinn :he total enemy ronsumnnon. hut also in preventing the formation of defects and me die 
wear. 



i. INTRODUCTION 

Tiie main preoccupation of any manufacturing 
research regarding a real industrial production is 
how io improve its actual quality and efficiency, 
both in technical :;nd economical sense. Determi- 
nation of the related process and design para- 
meters, fulfilling these aspirations, is :n principle 
•juuivatcm to i solution of :!ie correspond win 
optimization problem. Depending on me product 
requirements or customer's needs die optimization 
-Titeria concerning -he same problem may differ. 
=hu whatever rhe process design criteria may be. 

is oniy our thorough understanding or the physics 
governing the problem, - hat can ensure an efficient 
sptima! solution. VVh.cn referring *o metal forming 
Processes ir would nor be nossibie :o reiiabiy 

".:'.e occurrence of eventual defects, without a suffi- 
cient knowledge of the influence that process vari- 
able:;. .;uch as friction, material physical properties, 
and wdrkoiece geometry. Iiave on me process 
-volution. 

!n the past it was die empirical experience 
w hich predominantly governed the process design. 
But nowadavs, with computer-aided techniques 
weil established also in the metui forming industry, 
■'t designer sliouid reiy the refinement uf his design 



much more on information obtained by the corn- 
outer process simulations. These simulations, .viiicn 
are based mainly on die finite element compu- 
tational modeis. are an efficient means for the 
identification of the process response ander 
boundar/ conditions, imposed by the investigated 
tool 'jeomctry and process kinematics. Although 
these models have room for further improve meal 
:hev are of great importance for a design engineer 
bv enabling aim a quantitative estimation ot :ne 
snatiai distribution and time evolution of :ne 
[process variables. 

Optimization in structural engineering is ra-r.er 
frequent in practice, mostly because of its relative 
simplicity jue ro die linear material behaviour. i' 
is rather obvious that an optimal solution reiateu 
■o metai forming is directly related to <:ne materai! 
flow. L. nfortunateiv. a mathematical description -..t 
■his process is far away of bemg simple, In fact :he 
process is characterized by an extreme complexity 
due to noniinearities arising from the ineiastic 
behaviour of the formed material, iarge deforma- 
tion and contact boundary conditions at the 
material-tooi interface. Further, when the amount 
of heat, generated because of irreversibility of :hc 
plastic deformation and interracial friction, is nut 
negligible the material physical parameters exriibit 
an additional temperature dependence. Neverthe- 
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less, when considering an efficient integration of 
classical mathematical methods of optimization and 
the finite element concept, and attained reliability 
of the computational analysis of metal forming 
processes, it seems that despite all complexity 
application of optimization to the area of metal 
forming and to problems associated with the 
correspondent tool design is possible. 

In this paper the optimization of extrusion 
processes is considered. Actually, the material 
flow in the coid wire drawing process is optimized 
by proper design of the die's geometry. Starring 
from an initial die design, an optimized design sol- 
ution, based on nonlinear optimization procedures 
[1], is found. Two optimization objectives have 
b«?.en imposed separately, first, minimization of the 
energy consumption, and second, maximization of 
the possible wire reduction. 



2. FORMULATION OF THE OPTIMAL 
DESIGN PROBLEM 

Experience proves that geometry of a die used 
in cold extrusion and drawing processes is of 
extreme importance, its influence on the overall 
process performance being essential. Usually, 
conical dies are used, while their contour is chosen 
by experience, taking process parameters, such as 
area reduction, forming rate, material flow stress 
curve and interfacial friction conditions, somehow 
into account. Since it is evident that an optimized 
die design solution depends directly on the given 
process parameters, an optimal design problem 
could be set regarding this choice. Also, consider- 
ing the fact that modern tool manufacturing 
enables production of relatively inexpensive dies of 
more complex shapes, it is not reasonable to limit 
our investigation to conical dies only. 

[n what follows we address two different op- 
timization problems associated with optimal die 
design in wire drawing process. Regarding the 
imposed optimization objectives they can been 
stated as follows: 

PROBLEM I: 



Subject to: 



stress cotisrrauits 
die geometry constraints 



MINIMIZE: 
• Subject to: 

PROBLEM II: 
MAXIMIZE: 



ratal energy consumption 

stress cons trait us 

die geometry constraints 



area reduction 



Introducing s for the process state variables and 
d for the design variables, and ? 0 = ^^{s& for the 
objective function and 7. = ? ( (j t tf) for the con- 
straint functions, respectively, a mathematicaJ 
formulation of the stated optimal problems can be 
written as 

FIND d TO EXTREMIZE: 
Subject to: 

¥ f (s,iO * 0 , ; - I a (2) 

7,(5,4) < 0 , i = « - 1 P (3) 

The stress constraints (2) are associated with 
possible technological defects arising due to an 
inadequate stress field distribution and flow 
pattern. The die geometry constraints (3), however, 
impose the geometric consistency in the forming 
zone. Although the above equations define the 
framework within which an optimal solution is to 
be sought, this system is not sufficient. Actually, it 
has to be enlarged by taking governing equations 
of the process considered and the correspondent 
boundary conditions into account. Without entering 
into a detailed description of the thermomechanics 
of metal forming processes this set of equations 
can be written in the following form 




R(s*d) = 0 



(4) 



1 



■'4 
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M 



It is evident that this relation establishes an 
implicit dependence of the process state variables 
s on the design variables d 



s = s{d) 



(5) 



The fulfilment of equation (4) in view of the 
optimal design problem (1-3). yields a solution of 
the considered problem. This solution car be 
solved, for instance, by a sequential quadrauc 
programming (SQP) method which is considered 
to be one of the most reliable optimization 
methods [1]. In accordance with the method a 
quadratic subproblem is formulated and solved to 
get a search direction, which is followed afterwards , 
by a line search to obtain an improved design., 
solution. 
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3. DESIGN SENSITIVITY ANALYSIS 

For an efficient optimal solution search strategy 
a sensitivity or the system response variables, i.e. 
btate variables s. co changes In design variables 1/ 
is required. Consequently, a sensitivity analysis of 
• ;he objective and constraint functions is to be 
performed. When possible it is performed anaiyti - 
eaiiy by direc: differentiating ;he response func- 
tions *?(su2). Analytical treatment is advantageous 
since ic ensures highest accuracy and relatively low 
jomputationai nme. 3ut in general, when the 
respective functions are compiex numerical ap- 
proaches have jo be used. 

aisueiaicu with [he nnite airierence concept. 

"TIT 

Accordingly, [he partial derivative is aDproxi- 

cd 

mated bv 



Since wire drawing is mainly a steady-state 
process, some attention is needed when modelling 
this state numerically. In fact, plastic deformation 
or a control volume in a drawn wire is dependent 
on the stress history, which is in :he considered 
case imposed implicitly by a time variation of [he 
volume initial and boundary conditions. In order 
to identify property the steady-state response, a 
carefui tracing of the process time evolution is 
required from the very beginning. Drawing of a 
wire through a die is imposed in the numerical 
modei (Fig. I) by applying the displacement of ihe 
wire's front section incrementally. 

For purposes or this investigation a die has been 
.;j-jrne« rigid Aviiiic' friction ac the j&ic-worKpiec^.r 
mterrace has been modelled by assuming the 
Couiomb friction law with an upper bound on 
the frictional shear stress. 



±d " -id 
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wnere .1 perturbation from :hc current problem 
solution 1 j- iJ . if u ) is given : n- a : aep size vector lu. 
:he components of which are ilneariv independent. 



i. NUMERICAL IMPLEMENTATION IN VIEW 
OF APPLICATION TO WIRE DRAWING 



'wif— .lie once 




crevmn ,::rec;:cn - 



Figure I: Finite element modei of the wir 
drawing process 



the analysis of die problem specified by equa- 
tion M> has to be created numerically, it has been 
Miccessfuily proved several ;;mcs also in ,nir 
experience thar ;he finite -;iement method is 
reliable and appropriate o -Tickle Uinh computa- 
•:;onai complexity encountered in orocess anaivses 
[S.y.iOJ. 

With Lagrangian incremental .iasnc-piasnc 
formulation assumed co mode: ihe material flow, 
'he ,'enerai purpose finite element program 
-".BAOLS [II) has been employed :o simulate ;he 
-old wire drawing process ;n :he present scud v. 
; »ptimizanon aas been pertormed *:pon ehe 
:inue eiement analysis res u its and finite difference 
■'ensitivity analysis by the NLPQL comouter code 
developed by [<. Schittkowski ;2L 

A pre-processor that ailows a finite eiement 
•discretization of the problem domain and its 
automatic adaptive remesnmg in accordance with 
: he intermediate optimized design solutions has 
^een designed. 



Fn order to perform an optimal die design .1 
mathematical description of the die's contour is 
needed. In our case we have chosen a polynomial 
form 



Y(x,a^a, s t } - — - \x -x.f'tqa* • 

- i.r -x.){x -Xfyi(a : -.-yj -cyr - 

'"") 

where Y(X) stays for the die radius at uxiai oosinon 
x and J. for the finai diameier of the drawn wire, 
while and x, are the inlet and outlet die coor- 
dinates in the axial direction. They can be readiiv 
determined from the area reduction data. 

Evidently, the polynomial assumption (1) 
ensures smoothness of the die shape by funcdon 
definition, while from the optimization point of 
view chis selection results in relatively small 
number of design variables, which are in fact the 
polynomial coefficients a k * Since description (7) 
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includes also a linear variation of the die radius 
Y(x) it can be used for analysing both, conical and 
streamline dies. 

Finally, let us consider mathematical structures 
of the objective and constraint functions associated 
with the two specified optimal design problems. 

In the Problem 1 the objective is to find such die 
angle of the conical die or such polynomial func- 
tion for the streamline die, that the required 
forming energy be minimized. The drawing force 
being closely connected to the forming energy the 
optimization problem remains equivalent when 
referred to the drawing force minimization. Con- 
sidering the numerical model the total drawing 
force is represented by the resultant of the nodal 
forces at the wire's ttont section 



(8) 



7 3 . I 



s 0 



(11) 



case the desien variable is the initial wire diameter 

For this case the objective tunction is formu- 
lated as 



100 



(12) 



While the stress constraint is identical to the one 
in the Problem I. the geometry constraints reduce 
to onlv one of the folio wine form 



At this stage of investigations we have decided 
to consider orfly one stress constraint, actually the 
one associated with the prevention of the wire 
necking and subsequent collapse. The correspon- 
dent mathematical form takes the resultant of the 
Mises equivalent stresses in a cross section of the 
extruded wire as competent measure. Again, by- 
considering the finite element discretization the 
discussed constraint can be written in the following 
form 



i 

j 



- 1 £ 0 



(9) 



where summation is taken columnwise over the 
nodes of a reference cross section. The above 
constraint states that the actual stress state, 
measured by the sum of the equivalent stresses 

o^. should be less or equal to the sum of the 
correspondent yield stress state, measured by the 

sum of the current yield strength o^ w , multiplied 
by a safety factor C. 

Considering the die geometry constraints two 
inequalities bounding the die. radius Y(x) with 
respect to the feasible design can be set 



(10) 



In the Problem II the maximal area reduction 
is soujiht bv considering fixed die design. In this 



5. NUMERICAL EXAMPLES 

For the present investigation the wire has been 
modelled by 75 x 10 four-node axisymmetric 
elements. Also, only for reasons of comparison 
with the published results [4.5], the wire material 
is assumed to behave elastic-ideally plastically, with 
the yield strength being a v1cld =650N/mm*. For the 
same reason coefficient C- 0.975 in the constraint 
equation (9) has been assumed. 
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Figure 2: Typical oscillations observed by 
the FEM* anaivsis 



First, let us discuss some general findings, using 
the default ABAQUS increment adjustment did 
not yield satisfactory results, since the wire often 
detached from the die at the die-land part. This 
happened even for the admissible selection of the 
area reduction and die ha if- angle. .After some trials 
the increment size capable of reliable modelling 
was found to be approximately 20% of the average 
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Ffyure 3: Function value and sensitivity 
results for ^mail anipe van';; -ion 




Itcrtuoa .-.'<». ( - < 



Figure iteration history and comparison 
for conical and -areamiine des 



amre element length. 

Fiic plotted eap.e in F:«e;. , exhibits 
■ime/incremenr' dependence or rhe drawing force 
■.vhicn Is evidently .i consequence or die 
■ iiscreozatiou effect .viicn modelling contact 
nummary conditions, fae remedy ro reduce 'hese 
asc:ilar:ons is the mesn and incrementation rerine- 
inent. 

With respect to the above discussed oscillating 
«>r :hc analysis resuits. ;he obieedve function has ro 
-e appropriately averaued in order :c irerforrn 
sensitivity and optimization at nil. By uoinu :ras rhe 
oniy possibility ro eaieaiate :he sensitivity ;:naiy::is 
'■■> by :he finite difference approach. However, 
'•vncrever possible derivatives are computed 

io cr.eck the accuracy or ehe desiun sensitivity 
preaicied by the finite difference scheme a series 
'Jf anaivses has .been performed. The ; unction 
'■Viiue and sensitivity for :he drawing force are 
shown -n Fig.J. According ro these investigations 
*n= step size vector is selected :o be i). \'-"- of :hc 
design variable. 

As an illustrative example for the Problem i. I.e. 
r hc minimization of ;he drawing force, [he com- 
puter program based on -he discussed theory is 
•Jppheu to the optimization of conical and .arearn- 



Figure i: File optimal shaoe of the stream 
line die 




Figure n: Comparison - if :he numericai and 
known AvitzurS solutions 

line dies. The streamline die profile is described .' 

■:h re e design variable::. 

in hot it crises die die liaif-.tnuic is inn io j:^ -e 

ro the value j:=15.0". The extruded diame:er 
!5mm. whiic the area reduction is li)'^, T; 

friction conditions on rhe die -wire in terrace . 

specified by friction coefficient .jl =0.1)5 and : t he::: 

factor m =')..! The resuits of the perrbr^e*. 

optimization are plotted for both, rhe conicai an.. 

streamiinc die in Fi*£. The performed 

optimization yields, considering dve cons;-;;:::: 

:uncr;ons as dcrineu in section optimal 
haif-angie:; of vaiues a = 7.2 r J ,> and -.2=0.09" for rhe 
conicai die and .streamline die. resnect;veh\ 

When comparing the optimized drawing forces 
which are actually -lO.SkN for = he conical die. ane: 
4f).4kN for the streamline die. it is rather surprising 
that the difference is so small, in fact oniy about 
\%. However, when observing the uraohicai blow- 
up in Fig.i. these resuits become quite reasonable. 

As an illustrative example for the Problem 11. 
i.e. die maximization of the possible reduction. :he 
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computer code is applied only to the optimization 
or the conical d,e. The o P ri miza tion was performed 
or several reduction, and for two different frS 
condtnons. namely, for m=0 and m =0 5 The 
results ot the performed optimization are piotted 

loll I Sf-, thCy 3gree qU,te with known 
Gluttons [4,o], especially for the m=0 
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6. CONCLUDING REMARKS 



It .s demonstrated in the present paper that the 
opnm.zat.on techniques can be verv efficient in 
<-on;roil.ng process parameters bv al|owi n „ for an 
.fthapnale choice of die desmr.. Consequently 
upimonc cost savings and product improvement 
"n be achieved. Hence, methods used in the 

^^t: hen app,ied to the °< 

The iterative optimization scheme requires 
evaluate ot the des.gn sensitivities, therefore an 
efficient method for calculating the designs," 
■vines „ generally quite important. However „l 
a proper d,e shape representation the total num- 
ber ot the gradient analyses can be reduced. It has 
been demonstrated that by assuming a polvnomial 

anaiys.s. Namely, to consider the problem as a 
quas,- S teady one. the analyse has to uo on until he 

t4T s Vniv^ ries 3 CHntro ' voTumc b «»™ 

»ieady. Only then, the values needed for the 
optimization can be considered 

studiJ he hn C ?H u 3 SCrieS of the Parametric 
stud.es should be made and compared to the 
existing solutions. " 
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